Introduction
There is little inform ation about the properties of the alkali perbrom ates since those have been synthesized only recently [11] . Room tem perature infra-red and Raman data in the region associated with perbrom ate ion were obtained to allow identi fication of the perbrom ate ion [2, 3] . Thermal de composition studies o f the alkali metal perbro mates found caesium perbrom ate to be the most stable [4] . Recently heat capacity (cp(T)) measure ments on C sB r04 using adiabatic calorimetry be tween 10 K and 320 K have been obtained [5, 6 ] . cp(T) shows a characteristic S-like curve apart from three anomalities between 250 K and 278 K associated with impurity water molecules that are present and a broad peak between 160-272 K due to a structural phase change.
According to single crystal X-ray diffraction at 297 K C sB r04 crystallizes in a tetragonal form with space group 14X /a and cell param eters a = 5.751(6) A and c = 14.871(12) A. The BrOj anions have a tetrahedral configuration with a small an gular distortion. The B r-O distance is 1.591(6) A. The B r0 4 tetrahedra are arranged in the lattice in such a fashion that for each face of a particular te trahedron there is only one parallel face on each of the neighbouring tetrahedra [7] . Such "parallel ism" of faces is supposed to be the reason o f the observed plasticity of the C sB r0 4 crystals. * R eprint requests to D r. U. Eichhoff.
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The 12 oxygen nearest neighbours o f the cae sium cation form a truncated tetrahedron with C s -O bond lengths approximately equal to oxygen-cation internuclear distances in perchlorates of all the other alkali metals in the high tem pera ture phase (cubic form, space group F 4 3 m [7, 8 ] . Usually in scheelite-type structures with space group 14 Ja the cations and anions occupy distinct positions 4b and 4a, respectively. F or this ar rangement the principal com ponent q of the elec tric field gradient (EFG) tensor in the positions 4a and 4b are related by the inequality (9): l q l 4a > IqUb-( 0 C sB r04 is anomalous in that the occupation of sites 4b and 4a by anions and cations is reversed. Despite this reversal ineq. (1) remains valid indi cating that lattice contributions to q are dom inant rather then nearest neighbour effects. The unique ness of the C sB r04 structure and its structural modification encouraged a study of local structur al parameters, such as q N M R has been used to measure the EFG at both the anion and cation po sitions as a function of tem perature particularly near the phase transition.
Experiment
Caesium perbrom ate was synthesized from Cs(OH) (special purity) and H B r0 4 (not less than 99% by mass) using the method described in [7] , The B r0 4 content was analyzed iodometrically by precipitation of the tetraphenylam m onium salt. The water content was determined from sample weight loss upon desiccation at constant tempera ture in a vacuum with m onitoring by IR and 'H N M R spectra. The X-ray diffraction pattern agrees with that of the previously synthesized C sB r0 4 [7] , C sB r0 4 is only weakly hygroscopic and the water content of a powder sample held in a moist atm osphere (90% humidity) did not exceed 0.17(3) wt% . The base sample corresponded to 99.8(1)% C sB r0 4 which increased upon desicca tion to 99.9 wt% with the remaining crystal water corresponding to 0.08% and the other impurities (carbonate, fluoride, bromate) to less then 0 . 1 %.
N M R spectra were recorded at magnetic fields of 1.88 T and 7.04 T, where the corresponding fre quencies are 79Br ( -, 75.2 M Hz), 81Br (21.64 MHz, 81.02 MHz) and 133Cs (10.51 MHz, 39.35 MHz) on Bruker WP 80 and MSL 300 spectrometers re spectively. Spectra were accumulated using excita tion pulses of 1 -4 //sec corresponding to 10 degree pulse angle with 2 sec delays.
Results and Discussion
The 81 Br N M R spectrum at 297 K recorded us ing B0 = 1.88 T shows a second order quadrupole lineshape for the central ( 1 / 2 <-* -1 /2 ) transition characterized by a splitting Av = 10.33 KHz (eq. (2)). z/v(81Br) shows a steady increase with de creasing tem perature both at 1.88 T (Fig. 1 a) and 7.04 T (Fig. lc) as does Jv (79Br) at 7.04 T (Fig. 1 b) . The lineshapes are all characterized by rj -0 as is confirmed by comparing at the two fields. The measured splitting, which at 297 K and 7.04 T corresponds to zfv(81Br) = 1.81(1) KHz and zJv(79Br) = 2.74(1) KHz, for the powder pattern of the central ( 1 / 2 <-> -1 /2 ) transition can be related to the quadrupole param eters by:
where f (rj) = 16( 
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time of the spectrometer. By variation of the parameters of the quadrupole interaction in the "POW DER" program, we practically adjust the calculated lineshape to fit the distorted experimen tal lineshape. Thereby the degree of distortion is ence vQ(T) can be related to motion within the solids. Averaging of vQ for 79 81 Br is mainly due to rotational oscillation (libration) o f the Br0 4 tetrahedra about their equilibrium position. For libra tion in the high tem perature regime (hv,ibr < § kT) the tem perature dependence of vQ(T) is given by Bayer's formula (10) (6 ) where J is the mom ent o f inertia of the BrOj anion which is equal to 179.7 • 1040 gem 2 relative to the These values of vM br (-10 cn T 1) correspond to the lowest frequency lattice modes observed by IR spectra of similar crystals ( 1 0 -2 0 0 cm-1).
The decrease of QCC for bromine with increas ing temperature indicate that BrOj tetrahedra must become more regular as the structure changes. Simultaneously for 133Cs QCC increases and // drops to zero. As changes in QCC are dom i nated by lattice effects they have to explain the op posing behaviour for bromine and caesium. The orientational phase transition can be observed on temperature variation of the unit cell parameters.
In C sB r04 at 297 K the "c/a" ratio is 2.58 [7] which is considerably larger then the typical value 2.15-2.24(8), characteristic of com pounds with scheelite structure and space group 14,/a. With decreasing tem perature "c" decreases and "a " may increase. The equilibrium position and is characterized by the orientation o f the B r04 tetrahedra relative to the c-axis. This orientation axis corresponds to a characteristic direction of the EFG. The smooth break of vQ(T) for 79Br and 81 Br can be associated with a change of the relative orientation of the B r0 4 tetrahedra within the lattice framework. The positive tem perature coefficient of 3cQ/3 T and change of z/ for 133Cs could be related to lattice effects from anisotropic changes of the "a " para meter.
It has to be mentioned, that the anomalous in crease of the effective quadrupole coupling con stant with rising tem perature was observed for the central 127I and 187Re nuclei of the tetrahedral IO j and R e 0 4 ions with different cations (AsR4, N R 4, N H 4, PR4) in the lattice structure [11] [12] [13] . Such anom alous behaviour of the quadrupole coupling constants have been explained by the increase of the orientational mobility of tetrahedral ions in the lattice structure with rising tem perature [14] .
